Ag 3 VO 4 /Bi 2 MoO 6 nanocomposites were successfully synthesized by sonochemical method. The as-synthesized products were characterized by X-ray powder diffraction (XRD), field emission scanning electron microscopy (FE-SEM), selected area electron diffraction (SAED), transmission electron microscopy (TEM) and high resolution transmission electron microscopy (HRTEM). The results revealed the formation of heterostructure Ag 3 VO 4 /Bi 2 MoO 6 nanocomposites. Photocatalytic activity of the nanocomposites was evaluated through the degradation of rhodamine B (RhB) dye under visible white light irradiation. Among them, heterostructure 10.0 wt% Ag 3 VO 4 /Bi 2 MoO 6 nanocomposites exhibited the highest photocatalytic activity up to 56.26% for the degradation of RhB dye under visible white light within 240 min.
Introduction
Bi 2 MoO 6 belongs to bismuth oxide family with the structure consisting of perovskite layers between bismuth oxide layers of general formula (Bi 2 O 2 ) 2+ (A m1 B m O 3m+1 ) 2¹ (A = Ba, Bi, Pb, etc., B = Ti, Nb, W, Mo, etc.).
1) It consists of alternating fluoritelike (Bi 2 O 2 ) 2+ layers and perovskite-like (MoO 4 ) 2¹ layers.
2), 3) Bi 2 MoO 6 is a highly promising photocatalyst for H 2 and O 2 evolution from water splitting under full-arc irradiation of a Xe lamp ( > 300 nm) 4), 5) and degradation of organic compounds under visible light irradiation. 6) Moreover, the photocatalytic activity of Bi 2 MoO 6 is a limited region of visible-light photoresponse due to high recombination of photogenerated electron hole pairs. To improve photocatalytic activity, a heterojunction by coupling Bi 2 MoO 6 with the broadened range of visible-light and narrow band gap semiconductor is designed to promote the separation of photogenerated electronhole pairs of Bi 2 MoO 6 .
2), 7) Among semiconductors, Ag 3 VO 4 as an n-type semiconductor is very attractive because it has narrow band gap (³2.2 eV) and high photocatalytic activity. 8) It has been shown to have a visiblelight catalytic activity for water splitting into H2 and O2.
9) It can absorb most of the visible light and is a potential sensitizer to sense wide band gap semiconductors.
In this research, heterostructure 0.010.0 wt% Ag 3 VO 4 / Bi 2 MoO 6 nanocomposites were fabricated by depositionprecipitation process which was proved to be a simple method to provide products with high crystallinity. The photocatalytic degradation of rhodamine B (RhB) under visible light and photodegradation mechanism of Ag 3 VO 4 /Bi 2 MoO 6 nanocomposites were also studied and discussed.
Experiment
All chemicals of the present research were analytical grade and were used without further treatment during the whole synthetic process. Typically, each of 5 mmol Bi(NO 3 ) 3 ·5H 2 O and Na 2 MoO 6 was dissolved in each 100 ml RO water and mixed together. The obtained solution was stirred and adjusted the pH to 6 by 3 M NaOH solution. The mixture was transferred to a 200 ml Teflonlined stainless steel autoclave, tightly closed and heated at 180°C in an electric oven for 20 h. The obtained precipitates were washed with distilled water and ethanol, dried at 80°C for 24 h and collected for further studied.
To synthesize different contents of Ag 3 VO 4 nanoparticles deposited on the Bi 2 MoO 6 nanoplates, 0.010.0 wt% of AgNO 3 and Na 3 VO 4 for each 1.0 g of Bi 2 MoO 6 sample were dissolved in 100 ml RO water under ultrasonic radiation for 1 h. Subsequently, the samples were separated by filtering, washed with absolute ethanol and dried at 80°C in an electric oven for 24 h. The samples were characterized by an X-ray diffractometer (XRD), a field emission scanning electron microscope (FE-SEM) equipped with an energy dispersive X-ray (EDX) spectrometer and a transmission electron microscope (TEM).
The photocatalytic activities of the products were evaluated via the photodegradation of RhB under visible white light irradiation. For each experiment, 20 mg photocatalyst was added to 200 ml of 1 © 10 ¹5 M RhB aqueous solution and stirred in the dark for 30 min. Then the visible light was turned on, and each 5 ml of the suspension solution was sampled for RhB concentration determination by a UVvisible spectrophotometer. The decolorization efficiency (%) was calculated by the equation
where C o is the initial concentration of RhB and C t is the concentration of RhB after visible white light irradiation within the elapsed time (t). 6 was created which favored the diffusion of photoexcited carriers and enhanced the photocatalytic activity. This special structure promoted the efficiency of photogenerated electronhole pairs and accelerated the interfacial charge diffusion, leading to improve the photocatalytic efficiency.
Results and discussion
The photocatalytic activity of the samples was evaluated by tracing the temporal concentration change of RhB in an aqueous solution under visible white light irradiation. Figure 4(a) shows the UVvisible absorption spectral change during the photodegradation of RhB solution by 10.0 wt% Ag 3 VO 4 /Bi 2 MoO 6 sample under different lengths of time of visible light irradiation. They were found that the concentration of RhB solution was gradually reduced and the main absorption peak intensity of RhB decreased sharply with the time passed by, which indicated the decomposition of chromophoric structure of the RhB dye. 14) The pure Bi 2 MoO 6 phase exhibits poor activity due to its insensitiveness to the light. Ag 3 VO 4 /Bi 2 MoO 6 nanocomposites present higher degradation potential for RhB than pure Bi 2 MoO 6 . As the Ag 3 VO 4 content increases from 2.5 to 10.0 wt%, the photocatalytic activity of Ag 3 VO 4 /Bi 2 MoO 6 nanocomposites increases. The 10.0 wt% Ag 3 VO 4 /Bi 2 MoO 6 sample exhibits the highest photocatalytic efficiency of 56.26% or 2.69 times that of Bi 2 MoO 6 . In addition, photodegradation through the catalysts was fitted for Langmuir Hinshelwood pseudo-first-order kinetics. 8) respectively. The overall band structure of Ag 3 VO 4 / Bi 2 MoO 6 system is shown in Fig. 4(d) . During visible irradiation, the photogenerated electronhole pairs formed in both Bi 2 2),18) Thus, it is unlikely to transform H 2 O into hydroxyl radicals. These hydroxyl radicals have been recognized as the major reactive species for the photocatalytic degradation of organic pollutants such as RhB dye.
Conclusions
In summary, heterostructure Ag 3 VO 4 /Bi 2 MoO 6 nanocomposites were successfully synthesized by a sonochemical method. The experimental results showed the presence orthorhombic Ag 3 VO 4 nanoparticles with < 10 nm supported on the orthorhombic Bi 2 
